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Abstract. We use a combined analysis of the semileptonic and leptonic branching ratios of
the D mesons to constrain scalar leptoquark interactions and charged higgs-like interactions.
For the THDM type II, we found that a low mass 6.3GeV < mH+ < 63.1GeV for the charged
Higgs is favored at 90% C.L. although at 95% there is still agreement with other constraints.
We find for the leptoquark states a more restrictive bound than previous analysis.
1. Introduction
The intensity frontier [1, 2] is a low energy probe and indirect search of New Physics (NP).
One could search for forbidden or highly suppressed processes in the SM, such as electric dipole
moments, lepton number violation, flavor changing neutral processes, among others. Another
possibility is to analyze measured quantities allowed within the SM but with sufficient efficiency
to test non standard interactions (NSI).
The physics of the D meson has gained recent importance in intensity frontier mainly due
to improvement in the theoretical calculation, coming from lattice, of the form factors for
D → K in semileptonic decays [3]. Likewise, the experimental measurements that shapes
the model-independent form factor with small uncertainty given by CLEO [4] demonstrates a
good agreement with lattice. Thus, slight deviations seen in the SM branching ratios (BR) for
semileptonic D decays could be an indirect signal of physics beyond the standard model (BSM)
coming mainly from off-shell non standard particles, rather than errors in calculation of the form
factors.
Due to the lack of a fundamental theory, an effective approach is useful because it allows us
to found bounds that can be later be translated into constraints on the relevant parameters for
a huge variety of models. Hence, the intensity frontier is greatly benefited by the use of effective
theories. This approach has been used by using data mostly from B and K mesons.
On the other hand, only a couple of analysis has been done using the Semileptonic and
leptonic decays of the D mesons [5, 6, 7]. In particular, in [5], the lattice calculations of fDs
implied a 3.8σ deviation of the SM prediction over the experimental value. Thus provided an
strong indication for new physics. The discrepancy was alleviated once the form factors were
re-evaluated and now it is known with a high level of precision (around 2% error) [9].
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Figure 1. Schematic representation of the D meson decays we are interested. Circle denotes
any type on non standard interaction described by the Lagrangian 2
In [6] it was suggested the possibility of doing a combined analysis of the semileptonic and
leptonic decays of the D mesons but the analysis was not performed. Such analysis was recently
done [7] as suggested in [6] now including the updated values of both the semileptonic form
factors [3] and leptonic decay constant fDs [9]. Because this combination of different BRs it is
possible to extract bounds for each relevant Wilson coefficient independently. Given the current
knowledge of the form factors, we found that the possible evidence of new physics found in [5]
has now gone and instead, it is now possible to extract bounds on models beyond the SM.
One possible source of error in the analysis in [7] is the use of the current world average value
of Vcs [8]. In order to relax that assumption and observe if the bounds reported are accurate,
we performed here a new analysis where we have used ratios of BRs instead of only the BRs
for the χ2 analysis. Since we have only processes that involve the c− s transition, by using the
ratios it is possible to eliminate the functional dependence on Vcs and consequently the error
involved in the CKM matrix element. This new analysis implies that: i) the goodness of the
fit given by χ2min/d.o.f is worst when we use the ratios instead of the decay rates, and ii) given
the arbitrary of selecting different ratios, the bounds change. Nevertheless, we will show that
under some selected ratios, there is consistency between the constraints found in [7] and those
obtained here by means of the ratios.
2. Branching ratios: Theory and experiment
The approach we will use in this work will be that of effective Lagrangians. The effective
Lagrangian with NSI and standard interactions that describes the c → s transition is given by
L = LSM + LNP where
LSM = 2
√
2GFV
∗
cs(s¯LγµcL)(ν¯Lγ
µlL , (1)
and the Lagrangian that includes all NSI is given by
− LNP
GF
= CV,LLscℓν (s¯LγµcL)(ν¯Lγ
µlL) + C
V,RL
scℓν (s¯RγµcR)(ν¯Lγ
µlL)
+ CS,RRscℓν (s¯LcR)(ν¯LlR) + C
S,LR
scℓν (s¯RcL)(ν¯LlR)
+ CT,LRscℓν (s¯RσµνcL)(ν¯Lσ
µν lR) + C
T,RR
scℓν (s¯LσµνcR)(ν¯Lσ
µν lR) (2)
where the C’s are the Wilson coefficients, that parametrize all new type of interactions beyond
the Standard Model at a given scale: Vectorial (V), Scalar (S) or tensorial (T) interactions.
Notation is the same as [7]. In Fig. 1 are shown the D meson decays we are interested in and
in.
Next we will compute the decay rates of the leptonic Ds → ℓνℓ decays and the semileptonic
decays D → Kℓνℓ including NSI Lagrangian 2.
i Decay Theo. BR Bthi Exp. BR Bexpi
1 D0 → K−e+νe (3.28 ± 0.11)%. (3.55 ± 0.04)%
2 D0 → K−µ+νµ (3.22 ± 0.11)% (3.30 ± 0.13)%
3 D+ → K¯0e+νe (8.40 ± 0.32)%. (8.83 ± 0.22)%
4 D+ → K¯0µ+νµ (8.24 ± 0.31)% (9.2 ± 0.6)%
5 D+s → τ+ντ (5.10 ± 0.22)% (5.43 ± 0.31)%
6 D+s → µ+νµ (5.20 ± 0.20) × 10−3 (5.90 ± 0.33) × 10−3
Table 1. Theoretical and experimental branching ratios [7]
2.1. D±s → l±ν
Let us consider first the full-leptonic decay of the D meson, D±(p)→ ν(p1)l±(p2), with effective
non-standard interactions. The only non-vanishing hadronic elements for the pseudo-scalar
meson are
〈0|s¯γµγ5c|D(p)〉 = ifDspµ , (3)
〈0|s¯γ5c|D(p)〉 = ifDs
MDs
mc +ms
. (4)
The decay rate of Ds → ℓνℓ including the SM Lagrangian plus the NSI Lagrangian in the
rest frame of the decaying meson is given by
ΓDs→ℓν =
|GF fDs
(
M2Ds −m2l
)
|2
8πM3Ds
∣∣∣∣∣Vcsml + ml(C
V,LL
scℓν − CV,RLscℓν )
2
√
2
+
M2Ds(C
S,RR
scℓν − CS,LRscℓν )
2
√
2(mc +ms)
∣∣∣∣∣
2
.
(5)
On the other hand, in the rest frame of the decaying meson, the partial decay rate for the
D0 → K±l∓ν decay channel with non standard interactions is given by
dΓD→Kℓνℓ
dEK
=
G2FmD
√
E2K −m2K
(2π)3
{
(E2K −m2K)
2q2 +m2ℓ
3q2
∣∣∣(V ∗cs +GV )f+(q2)∣∣∣2
+
(
−|GT f2(q2)|2 q
2 + 2m2l
3
+ml(V
∗
cs +GV )f+(q
2)G∗T f2(q
2)
)(
E2k −m2K
m2D
)
+
∣∣(m2D −m2K)qf0(q2)∣∣2
4m2D
∣∣∣∣mℓq2 (V ∗cs +GV ) + GSmc −ms
∣∣∣∣
2
}(
1− m
2
ℓ
q2
)2
, (6)
where we have defined GV = (C
V,LL
scℓν + C
V,RL
scℓν )/2
√
2, GS = (C
S,RR
scℓν + C
S,LR
scℓν )/2
√
2 and
GT = (C
T,RR
scℓν + C
T,LR
scℓν )/2
√
2.
The scalar f0(q
2), vector f+(q
2) and tensorial f2(q
2) form factors are defined via the non-
vanishing hadronic elements:
< K(k)|s¯γµc|D(p) > = (pα + kα − m
2
D −m2K
q2
qα)f+(q
2)
+
m2D −m2K
q2
qαf0(q
2) , (7)
< K(k)|s¯σαβc|D(p) > = im−1D f2(q2)(pαkβ − pβkα) , (8)
< K(k)|s¯c|D(p) > = m
2
D −m2K
mc −ms f0(q
2) . (9)
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Figure 2. Theoretical branching ratios (black lines) and experimental branching ratios of the
D meson decays (red lines).
Let us first compute the current theoretical branching ratios. We fix all Wilson coefficients
to zero and use the PDG [8] average values for Fermi Constant GF , the masses of the quarks
mc,ms and leptons me,mτ ,mµ, the CKM element Vcs and the masses of the K and D mesons.
Furthermore, we use the latest reported semileptonic form factors [3] and the leptonic fDs
constants [9]. Theoretical error bars are computed by propagating the errors in all variables.
The same procedure was done in [5] where they used the current values for the constants as
reported in PDG at that time. The new current branching ratios are illustrated in Fig. 2
(black points) for Ds → ℓνℓ, D0 → K−ℓ+νℓ and D+ → K0ℓ+νℓ. In the same figure, red points
with error bars are the experimental branching ratios. It can be noted that except for the
D0 → K−e+νe and D+s → µ+ντ , the rest of the theoretical branching ratios are in agreement
with the experimental ones at 1σ.
2.2. Effect of NSI in D meson decays rates.
The inclusion of the effective Lagrangian 2 changes the theoretical estimation of the BRs as can
be seen in eqs. 5-6. In order to illustrate the effect of NSI in the decay rate, we will compute
the D0 → K−e+νe and D0 → K−µ+νµ decay rate including NSI. In addition to the Wilson
coefficients we need to assume some functional dependence of the tensorail form factor f2(q
2).
For definitiveness we will use a one pole form factor given by
f2(q
2) =
f2(0)(
1− q2/m2D∗
) . (10)
Currently there is no lattice calculation for f2(0). Let us for a moment suppose it is f2(0) = 1.
For illustration purposes let us fix the Wilson coefficients CS,RRcsℓν = C
S,LR
csℓν = C
V,LL
csℓν = C
V,RL
csℓν =
CT,RRcsℓν = C
T,LR
csℓν = 0.2. The differential decay rate dΓD→Kℓνℓ/dEK increases can be observed
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Figure 3. Theoretical differential decay for D0 → K−e+νe and D0 → K−µ+νµ decays. Black
solid lines correspond to fixing Wilson Coefficients to zero. Red are decay rates when all NSI
interactions are included for the case CS,RRcsℓν = C
S,LR
csℓν = C
V,LL
csℓν = C
V,RL
csℓν = C
T,RR
csℓν = C
T,LR
csℓν = 0.2.
Dotted line only includes scalar and vectorial NSI with CS,RRcsℓν = C
S,LR
csℓν = C
V,LL
csℓν = C
V,RL
csℓν = 0.2
and the tensorial NSI are switched off, i.e.CT,RRcsℓν = C
T,LR
csℓν = 0.
in both graphics of Figure 3. Black solid line is the differential decay rate when all Wilson
coefficients are fixed to zero, i.e. those are the SM theoretical branching ratios. Red solid
line are the new decay rate once the Wilson coefficients are included. Let us switch off the
tensorial NSI, that is, CT,RRcsℓν = C
T,LR
csℓν = 0 and we let both scalar and vectorial NSI fixed to
CS,RRcsℓν = C
S,LR
csℓν = C
V,LL
csℓν = C
V,RL
csℓν = 0.2 as before. The result are the dotted points shown
in Fig. 3. One may conclude that the tensorial NSIs have not a strong effect on the decay
rates. Hence, even there is not a theoretical estimation of the form factor, the total effect of the
tensorial contribution when both scalar and vectorial NSI are included is negligible.
3. Wilson coefficients for THDM and Leptoquarks
Here we will derive the corresponding Wilson coefficients for two models beyond the SM, namely
the THDM and Leptoquark model. The low energy limit of each model can be directly related
with a four Fermi point interaction that can be parametrized via a Wilson coefficients. Next we
perform such limit for those models.
3.1. Two Higgs Doublet model
The interaction between quarks and leptons with scalars in the THDM is described in general
by the Yukawa Lagrangian
− LTHDMY = Q¯′L
2∑
a=1
(
Y da ΦadR + Y
u
a Φ˜auR
)
+
2∑
a=1
L¯LY
ℓ
aΦaℓR +H.c. , (11)
where Q′L = (uL, dL)
T and L = (νL, ℓL)
T are the left-handed SU(2) doublets of quark and
leptons respectively. uR, dR and ℓR are the right-handed singlets. The Higgs doublets are given
by Φa = (ϕ
+
a , ϕ
0
a)
T and Φ˜ is the charge conjugate doublet. These doublets have a non-zero VEV
given by 〈Φa〉 = (0, va)T where v2 = v21+v22 . Charged scalar interactions in the versions without
Flavor Changing Neutral Currents (FCNC) at the tree level can be described introducing discrete
symmetries on the doublets that restrict the Yukawa couplings. In this case the Lagrangian,
Table 2. Dependencies of the free parameters X,Y and Z in terms of β for every version of
the THDM without FCNC [11]
Type I Type II LS(Lepton Specific) Flipped
X cot β cot β cot β cot β
Y − cot β tan β − cot β tan β
Z − cot β tan β tan β − cot β
using the Higgs basis for the charged scalars and the mass basis for fermions, is given by [10]
− LH± = H+
[√
2Vuidj
v
u¯i(muiXPL +mdjY PR)dj +
√
2mℓ
v
Zν¯LℓR
]
+H.c.. (12)
Here the operators PR,L = (1 ± γ5)/2 are the chiral projectors. The parameters X,Y and Z
dependency on β are given in the Table 1 for version without FCNC. The effective Lagrangian
can be written as
LTHDMeff = 2
√
2GFV
∗
cs
(
mℓmc
M2H
ZXQ3 +
mℓms
M2H
ZYQ4
)
, (13)
thus we can see that the only non zero Wilson coefficients are:
CS,RRcsℓν = 2
√
2V ∗cs
mℓmc
M2H
ZX , CS,LRcsℓν = 2
√
2V ∗cs
mℓms
M2H
ZY . (14)
3.2. Leptoquarks
Leptoquark particles are scalars or vectors bosons expected to exist in various extensions of the
standard model that carry both baryon and lepton number [13, 14]. They emerge for instance
in grand unified theories (GUTs) [15, 16, 17], technicolor models [18, 19] and SUSY models with
R-parity violation. At low energy, Leptoquarks can be described as an effective four fermion
interaction induced by leptoquark exchange. Several observables have been used to set bounds
on these effective couplings as is the case of D meson decays [20, 5, 21].
Scalar leptoquarks S may couple to both left or right handed quark chiralities. Let us consider
the exchange of the following scalar leptoquarks:
• S0 with charge −1/3 and (3, 1,−2/3) gauge numbers; and
• the S1/2 with charge 2/3 and (3, 2, 7/3) gauge numbers.
For this particular case, the effective Lagrangian for the c→ s transition is:
LLQEff = V
∗
cs

κR∗i2 κLi2
m2
S
2/3
1/2
(ν iL cRl
c
iLs
c
R) +
κ′R∗i2 κ
′L
i2
m2
S
−1/3
0
(νiLs
c
Rl
c
iLcR) +
|κ′Li2 |2
m2
S
−1/3
0
(νiLs
c
Rl
c
iRcL)

 . (15)
Now we will re-write the Lagrangian 15 in order to have external quark and lepton currents
through a Fierz transformations. The result is:
LLQEff =
1
2
V ∗cs



κR∗i2 κLi2
m2
S
2/3
1/2
+
κ′R∗i2 κ
′L
i2
m2
S
−1/3
0


(
νL
iliRsLcR +
1
4
νL
iσµν liRsLσ
µνcR
)
− |κ
′L
i2 |
m2
S
−1/3
0
(
νiγµPLlisγµPLc
) . (16)
that lead to tensor, scalar and vector interactions, that we shall take into account in a model
dependent analysis. Explicitly, the only non-vanishing Wilson coefficients are:
CV LLscℓν =
√
2Vcs
GF

 |κ′Li2 |
m2
S
−1/3
0

 and CTRRscℓν =
√
2Vcs
GF

κR∗i2 κLi2
m2
S
2/ 3
1/2
+
κ′R∗i2 κ
′L
i2
m2
S
−1/3
0

 (17)
and observe that CSRRscℓν = −4CTRRscℓν .
4. Constraining new physics with D meson decays
In the last years, a new level of precision has been achieved in measurements of branching
fractions for leptonic and semileptonic D decays by the Belle, BaBar, and CLEO collaborations
[22, 23, 4, 24, 25, 26, 27]. In Table 1 we have collected the world average values of the Branching
fractions for the D meson decays as reported by PDG [8]. Furthermore, there is available
data from the partial decay rates of D+ → K¯0e+νe and D0 → K−e+νe [23, 4]. Given this
experimental values and once the Wilson coefficients for THDM and Leptoquarks model has
been computed, we can constrain the values of the parameters in each model (THDM and
Leptoquarks) allowed from the experimental data. We will perform a χ2 analysis but using the
BRs and furthermore, we will perform an analysis by using ratios of the Branching ratios in
order to eliminate the functional dependence on Vcs, which can be though as one of the most
important sources of error in the theoretical determination of the BR. There are many possible
combinations to define ratios of the BRs, for definitiveness we will define two sets of ratios
between the BRs as follow:
(i) Set 1:
Rset11 =
Bth1 (D0 → K−e+νe)
Bth2 (D0 → K−µ+νµ)
, Rset12 =
Bth5 (D+s → τ+ντ )
Bth2 (D0 → K−µ+νµ)
, Rset13 =
Bth6 (D+s → µ+νµ)
Bth2 (D0 → K−µ+νµ)
,
Rset14 =
Bth3 (D+ → K¯0e+νe)
Bth2 (D0 → K−µ+νµ)
, Rset15 =
Bth4 (D+ → K¯0µ+νµ)
Bth2 (D0 → K−µ+νµ)
.
(ii) Set 2:
Rset21 =
Bth1 (D0 → K−e+νe)
Bth3 (D+ → K¯0e+νe)
, Rset22 =
Bth2 (D0 → K−µ+νµ)
Bth3 (D+ → K¯0e+νe)
, Rset23 =
Bth5 (D+s → τ+ντ )
Bth3 (D+ → K¯0e+νe)
,
Rset24 =
Bth6 (D+s → µ+νµ)
Bth3 (D+ → K¯0e+νe)
, Rset25 =
Bth4 (D+ → K¯0µ+νµ)
Bth5 (D+ → K¯0e+νe)
.
and in both cases we will also include ratios for the partial decay rates from CLEO, defined as
follows (i = 1..10 one per bin):
RD
0
i =
∆Γi(D
0 → K−e+νe)
Γ(D0 → K−e+νe) , R
D+
i =
∆Γi(D
+ → K¯0e+νe)
Γ(D+ → K¯0e+νe) . (18)
We perform a χ2 analysis for these 3 cases:
(i) Using the total branching ratios
χ2 =
6∑
i=1
(Bthi − Bexpi )2
δB2i
+
10∑
i=1
(∆Γ
thD0
i −∆Γ
CLEOD0
i )
2
(δ∆ΓD
0
i )
2
+
10∑
i=1
(∆Γ
thD+
i −∆Γ
CLEOD+
i )
2
(δ∆ΓD
+
i )
2
. (19)
Here, δBi is calculated adding in quadratures the experimental and theoretical uncertainties
shown in Table 1.
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Figure 4. ∆χ2 projection on the mass of the charged Higgs within the Two Higgs Doublet
Model type II with different analysis.
(ii) And two different cases (j = 1, 2) for each selection of the ratios of the BRs and the ratios
of the partial widths:
χ2setj =
5∑
i=1
R
setj
i −R
setexpj
i )
2
(δR
setj
i )
2
+
10∑
i=1
(RD
0
i −R
CLEOD0
i )
2
(δRD
0
i )
2
+
10∑
i=1
(RD
+
i −R
CLEOD+
i )
2
(δRD
+
i )
2
. (20)
4.1. Constraining Two Higgs Doublet Models with D meson decays
Let us first show the results for the THDM type II. Other analysis have been done in the past,
but here we will show the bounds obtained by using D meson data only. The projection over
the mass of the charged Higgs is shown in Fig. 4. Black solid line is the limit obtained by
using the BRs [7], while blue and dashed line are obtained using the ratios R
set1,2
i respectively.
Although at 90% C.L. there agreement of set1 with the BRs analysis, the analysis done with
the ratios have a bad goodness of fit as expressed by χ2min/d.o.f. Even worst, the analysis done
with set1,2 seems to indicate that the mass of the charged Higgs should be always lower than
40 GeV. Although we would like to say that the THDM type II is discarded as direct searches
performed by LEP have excluded a charged Higgs with masses lower than 80 GeV. But this
results depends on the election of ratios and the goodness of fit is not reliable. Then, the limits
we will report will be those coming from the analysis done with the BRs only as it was done in
[7]. For the THDM type II, we found that a low mass for the charged Higgs is favored, at 90%
C.L. 6.3GeV < mH+ < 63.1GeV, and at 95% there is still agreement with the LEP constraints.
The reason of this region favored at 90% is because, although there is an overall good agreement
between theory and experiment, the match is not perfect. See for instance the total branching
ratio labeled i=1 in Table 1 and shown in Fig. 2. The theoretical BR and the world average are
more than 1 sigma away. It can also be observed better in the q2 distribution shown in Fig. 2
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Figure 5. Bounds on different THDM types as expressed in Table 2.
of [7] where most of the data points are above the theoretical decay rate. Taking all observables
together, and doing the analysis we have explicitly found and mentioned in the paper that the
significance of a light charged Higgs is at 90 % C.L. and it comes from the small discrepancies
between theory and experiment.
Finally, in Fig. 5 are shown the limits in the plane (tan β,mH+) for the other THDM cases as
illustrated in Table 2, namely the type I, the flipped and the lepton specific models (LS). Note
that for the case of the LS model, the values of X,Y and Z imply that the Wilson coefficients eq.
14 are independent of the value of tan β. This is the reason why it is shown only the projection
over mH+ and the chi
2 analysis show, as it is the case of the type II, a low mass for the Charged
Higgs at 90% C.L.
4.2. Constraining Leptoquark scalar interactions with D meson decays
In the case of the Leptoquark analysis, observe that the Lagrangian 15 includes Scalar, Vector
and Tensor NSIs which results in the Wilson coefficients eqs. 17. It is interesting to note
that Scalar NSI are proportional to the Tensorial components. Furthermore, the Vectorial
component is real. As we have already shown in Section 2, the decay rate dΓD→Kℓνℓ/dEK is not
sensitive to the tensor form factor as the tensor contribution is negligible when the scalar and
vector interactions are taken into account (see Fig. 3), which are the dominant contributions.
Hence the model dependent analysis is done varying 3 parameters at a time. An analysis
including the tensorial contribution does not change our limits, hence they are independent
of the election of fT . At 95% C.L. the bounds for C
V LL
scℓν , expressed in GeV
−2 is given by
0.04 < |κ′Li2 |2/(mS0/300GeV)2 < 0.11, and the limits from CSRRscℓν leads to the following bounds
in terms of the Leptoquark coupling constants and the mass os the scalar particles as:
− 0.17 < Re
(
κR∗i2 κ
L
i2 + κ
′R∗
i2 κ
′L
i2
)
/(mS/300GeV)
2 < 0.01,
−0.09 < Im
(
κR∗i2 κ
L
i2 + κ
′R∗
i2 κ
′L
i2
)
/(mS/300GeV)
2 < 0.10 . (21)
5. Conclusions
We have shown that D meson decays may induce relevant constraints in some models as it is
the case of the THDM and Leptquarks. We have performed three different χ2 analysis. In
two of them we have used some selected ratios of the branching ratios (named set1,2) and we
have shown this two last types of analysis have a couple of problems, even they look better
as the ratios eliminate the dependence in the CKM matrix element Vcs, which is a source of
error. The analysis done with ratios of the Brs show that: i) the goodness of the fit given by
χ2min/d.o.f is worst when we use the ratios instead of the decay rates, and ii) given the arbitrary
of selecting different ratios, the bounds change. Hence, we believe the analysis done with the
BRs only, as those are measured quantities implies reliable bounds. For further constraints in a
model independent analysis or for other models beyond SM, we refer to the analysis done in [7].
The bounds presenter here for the THDM and Leptoquark models are complementary to those
presented in [28].
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